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Studios o: the solution propc* ciee of polymers are generally concerned 

with the elucidation of the size and shape of the isolated maoromolecules and 

with the interaction of these molecules in solutions of finite concentration. 

k  suitable extrapolation to infinite dilution of such functions as reduced 

viscosity or reduced osmotic pressure supplies information of the first type* 

while the concentration dependence cf these functions can be interpreted in 

terms of molecular interaction.  If the solvent medium or the temperature is 

changed^ the extent of aggregation cf the polymer will be affected, but since 

the forces between polymersopments belonging to different macroiyolecules are 

the same as those between segments of any one chain molecule, such changes will 

alter both the interaction parameters and tho parameters characterising the 

isolated polymer molecule. 

An attempt at a now approach to the study of polymer interactions has 

recently boon reported fro^i this laboratory,. '     Instead of studying the 

solution behavior of a single polymer, solutions of mixtures of two polymers 

similar except for the presence of a few acidic and basic groups respectively 

were investigated. Thus it was possible to vary the extent of polymer-polymer 

interaction in e constant solvent medium at constant temperature by varying 

the ratio of tho two polymers in solution. Solution viscosity studies showed 

that the slopes of reduced viscosity-concentration plots inoreascd sharply 

with an increase in the number of interacting groups. The intrinsic 

viscositit-3 of the "uxed polymers, on the other hand, vrere normal, indicating 

thr>t the effect of polymer association is eliminated by the usual extrapola- 

tion procedure. 
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It has boor, reported th^t the molecular weights of certain polymers,  aa 

calculated fro*1 the roducod osnotic pressure  cxtrapoiave-d to infinite dilu- 

tion,   vary with temperature  or the   solvent medium*   '»   '.    This bohavior is 

apparontly due  to  thb  formation  cf rolativcly  stable association complexes 

of the polymer molecules,  v.-hich may be  duo  to a tendency of th~  polymer to 

fon*. wiicrocrystallites, '   '  to  the  presence of polar catalyst  residues  ir. 

non-polar polymersv   '  or a ncn-polar  cc-monoTcr   in a hydrophilic polymerv     . 

By "loasuring osmotic  pressures  of solutions  of r.ixcd acidic and basic 

pcly-crs with  '.oriown  concentrations  of  interacting groups,   i    different sol- 

vents  and  r»t  different temperatures,   a  syst;-^.tic  study  of such association 

phenomena  can bo  curritd out.     Ir.  the  present   investigation  ccpolymer'-  cf 

-iothyl  methacry latw with methacrylic  acid and di-ethyland ro ethyl rroth- 

acryl«tD,   respectively,   were us. d.    These  systems were choscr. because cf tho 

similar re-activity characteristics  cf the mor.om-.rs,   so that  copoiymcrization 

culd be   crrici to   fairly hi.-h conv.raion   .'ithout danger ~f on appreciable 

drift  in  the  composition of tho  copolymor. 

\ 

MHTZRIA.LS A-:   PSOTEDlgS 

"ono'-rs  and  polymerization  catalyitt. 

u.thyl  "WChacrylKte   (Rohm and  Haas  Co.) was  distilled under nitrogen 

at H pressur.  c:   3.£ mm.   HP.,   cclle-ctirr  ttvs material within  the  boiling 

range  of  17*C-18#C. 

Glacial  methaery) ic ncid   'Hohn   \nd  Hans  Co.)  ?n.s  dirtily  d  under 

nitrogen  >s.t a  pressure  of 20 mm.   'Ac >   /r'  ?•   ?0*C). 

I) 
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Dimethylamino  -thyl meth*cry Hto   (Monomer-Polymer, Inc.) wn* distilled 

after addition of 0,2% pioric acid inhibitor. The boiling rtmgo vms 

65.5'C.-56.5'C.  at 3.5 mm.  Hg. 

Azo-bis-isobutyranitrile obt&inod fro** the Eastman Kodalc Co, was used 

without furthor purification. 

Prepp. ration of copolymers 

Copolymor A    was prepared by heating 361 gms.  methyl mcthacrylatc, 

16.4 gms.  methacrylic acid,   361 gms. benzene ur.d 0.722 gms. azo-bis- 

isobutyronitrile   catalyst for 6^ hours et  60*C.     The  reactar.ts woro  shaken 

every hour.    The polymer  solution was diluted with 3000 ml.  butcnor.c :-_nd 

precipitated  into --.   seven-fold excess  of hexune.     The polymer was  purified 
i 

by reprecipitntion from a 3fJ butur»onc solution into >i tjn-folu excoss of 

hexane '*nd dried in  vacuo at  40*C.    1'ho yield v/as  173  gms.   (4G% conversion), 
i 

Copolymer 3    WHS prepared  from 235  gms.  methyl methacrylcte,   24.4 gms. 

< 
diFethylamino  othyl rothaoryl ate,   0.59 gms.  azo-bis-isobutyronitrile and 

295  gms.  benzene.    The polymerization and polymer  purification were  carried 

out  i".  the  same manner  as with  copolymer A.     The yield was  143 gm6.   (45$ 

conversion). 

'•t»v 

An&lysip  of copolymers 

The  copolyi/.Ts rare analyzed by titrr.tion of 0.5** solutions  in a 

bonzene-ethnnol  mixture  cont-.ininf 90?' by volume of benzene.     Sodium 

ethoxidc  in  the   sn-v   solvent •ixture  :aid  phenolphthrtlcir.  indicator wore used 

to  ictc-rmico th>.  cr.rboxyl  content of copolymi r A.    Nitrogen was  pasrod  through 
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tho  solution during the titrr.tion.    Thu  sodium ethoxido  solution was 

standardized against benzole acid in  the  st>mc  solvent tedium.    A  solution 

of RCl in the bcntene-othanol fixture   (prepared by adding 0.05 ml.  12* 

aqueous HC1 to  100 ml.  of tho mixod oolvonts) :vas used to titrate- the amine 

in copolymer p.     »«ethyl orange indicator ana used and the titrating solution 

vms  standard!!cd against  sodium othoxide. 

tJopolymor A res  found to contain  4.9 -  .07 mol % methacrylic acid, 

copolyner B contained 6.83  - 0.07 nol % of dimethyl omino ethyl ncthacrylate. 

This  compared with 5 mol % of the acidic and basic co-monomer  respectively in 

vho mixod monomers. 

4 

> ? 

Osrotlc pressure rio'.surcmont 

Technical butanonc was dried  over r.i-,ht  over anhydrous  calcium chloride, 

filtered and distilled.    The medium fr'.ction boiling at 79.6°C. -.vas  colloctcd. 

Benzone  and pyridine   (5Vxllinckrodt anrlyticel reagent  grade) vr-ro 

sirilarly dried ar.i distilled.    Wot regenerated cellophane  film membranes 

type 300  ^bt"iir.ed  from Sylvanir.  Division,  American Visco6e  Company were usod 

:-fter conditioning to  the appror-ri' to  srlver.t. 

Zimrn-'tyerson  osmnmcturs having, stainless  steel plates v/cre emtlcytd. 

Temperature  fluctuations  of the thermost.'itic bath  used for  tho measurements 

..ere   l^ss  th'>r.  C.005*C.     Osmotic equilibrium me atta\rnd "fithin  l-'i d^ys 

for r.ll  solutions  cjnt'«inir.f: '»n  oxcess  of basic polyior   vhorcas  equilibrium 

was 'approached  progressively more   slowly for  solutions  containing an  increasing 

excess  r.r acidic polv**or  in benzene or butftnonc.     F^r the pur    acidic polymer 

in butannr.e,   th J  osmotic  pressure  increased  continuously  for about 20 days. 

i   v f 
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This  slow approach  to  equilibriur w s  not  c*iu6ecl by the  slowness   of  the 

diffusion process through the raombrano  since attempts  to  raise tho  solution 

level  ir. the  r.srn meter ,-erc  followed by r,  rcpid drr:p of this   level,   followed 

by e.  slow rise- r.s   if there h' a bear, nn  interf or-r.co.    By contrast,   osmotic 

oquilibrium with pyridine solutions of tho aoidic polymer were reached very 

n-pidly  (.bout 3 hours).     In this casu  there was  considerable diffusion of 

tho polym-or through  the membrane which had to be allowed  for by a  suitable 

extrapolation to roro tir>t>. 

Since ber.ter.6  solutions  containing mixtures  oC tho r.cidic and basio 

cop^lyvrs tor.c t    gel  bcl. v 45*C,   special  precautions had to be  observed 

ir. preparing  th..  solution and  filling  the or.mometers. 

The  slopes  and  intercepts  of the  reduced osmotic pre6i  .c plots were 

calculated by the   least  squares  mothod. 

RESULTS kV.l   "TSrjSSION 

The  reduced   osmotic pressures   .>f solutions  of the  c^polymers A and B 

'-nd th-.ir mixtures  in but'.nor,-    t  3C.2°C.   -r.d  SO.l'C,  '-.na  in ber.rcno at 

49.7*C.  art   plotted  ir.  Figures   1,2,3,4,5 -.nd  €.     In all  cusos  the  reduced 

..sm.tic presr.urc   is a  lino r function    f concentration,   th.   slope ch-mging 

gr"dually  ?r-~ the   slightly positive  v:.lu«    -f c ;p  lyr^cr B  to   the  slightly 

negative   sl.-pc   :.i   •">-p-• lymer A.     It  "yomrs,   Lht.I  this  sii pe  is  linear  in 

the weight  composition  "f th . mixture   (Figure  7). 

The  molecular   -/eight;;   •>£ tho br-cio  c~p-lymor  -v icul itv_o  fr-m tho 

intercepts    >**  th .  reduced   ism-tic  ^rossuro  pl-ts  in  the  tw- s. 1 vents  checked 

v/ithin the o-pcriment-.l  error   (135,000 < nJ  124,000 in butanone at 30.2'C, 
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and  50.1'C.   respectively • r.d   137,000  ir. benteno).     By  centrist,  the acid 

s.p  lpcr  . t. v/cd-jtrnp association  in bor.zor.e at 49.7*C. vrith en apparent 

molecular weight -f 184,000 -\s against vnluoa of 42,200 and 34,000 obtained 

frcrr  the  osmotic  pressures  Li butan-r.e  at 30.2*C.  nnd  50.1*C.  respectively. 

To eliminate the uncertc inty as tn the true molecular weight cf the aoid 

c^p  lymer,   .^sr>';tic  pressures  vrorc  -'otormined  in pyridine at 49.7*C.     In 
i 

this basic solvent curbcxyl association is unlikoly and the molecular weight 

rbtr.it;od .vas 32,300. 

On  cxtrap -luting  thi  reduced  ->smotic  pressures  of the mixed copolymers 

t    rer •  c-acontrr>tirs,   very  lo'.v '/'.lues   ••ore  rbtained,  which  in most  cases 

••••ere actually lower th'n th.^sc  of either  c:>mp-nent   ->f the mixture.    Since all 

p.lymer aggregates must necessarily dissociate at infinite*  dilution,   the 

results   indicto th'.t  thin   ^iss :ci ;ti ->r. becmes  appreciable  only in  solutions 

t-^c  dilute  for   -smotic  pressure noasurosront.     In Fipuru 8,      th<-  reciprocal 

••-pparent r.urtk,r average molecular v/cights   (l/Mn)  calculate:; from the  reduced 

•srvtic  pressure  intercepts are  given us a  function  of the r.ai^ht composition 

of the   'op-lymer -ixture.     If ther^  ij n.   association bet-rec n  the  cemprnents 

. f a  fixture,   the  reciprocal number av^rago molecular weight  ir   linear  in the 

wcirht  c —ip<\ siti >n    nd th-j  fashuu  lin^   in Figure 8  represents   the   l/*'n values 

c. rr:3p r.dinj: t     the  absence     f molecular aggregation,     tfe nay cefine  a 

"degree     f :i3s:;oi"-tin"  D as  the  rati.i  .f the  r ppnrent mleoular weight 

f^'ur.o  experimental ly t.«  the value which would  rosul*.  on dissociation .• f r.H 

p- lyrr. r  aoiq^loxes.    This  quantity D represents  the average number  of p. lymer 
l 
! -< •leculfK  f. rmir. •   >n^  kin .tie unit rn'-  it  is   giver, 's  a  function  ~-f th«. 

j 
\  ( 

i 
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Trcirht  c.*T -8iti"ir.   -f the  cpclywcT rdxturf-s   ir  Figure  9.     It can bo  soen 

that  in butr.n mi t"r    number r-f p'lyi>;r m- locul.r.  forming .~r. aggregate  in- 

creases  steeply    r. mixing th^ tw-  c p  lyiers,   sharp nvnrinr.  of D *  5.43 and 

D "  3.20 being obtained for ". irixturc   >f equal r/eiphts  of the tv;: components 

at 30.2*C.  and 50.1*C.  respectively.     Ir. bentont,   the results  indicate that 

aciu-b'tsc  interact! n  is  superimposed ^n  string carb xyl association.    A 

published study    f ternary systems oon twining benzene,   lew molecular weight 

carb- xylic ncids   (A)  anf1  tertiary anincs   (N)   indicated'   '  the  presence   -€ 

c-nplexes   of tho type >'A    and NA^ in addition  t - NA  and A2 ar.d similar 

equilibria  exist  pr bably in  s   luti;r.s     f the -ibic-i  cop -lymcrs  ir. benztno. 

A thormodynnwic treatment   >f th. results  is  ~iven in th_ Appendix.     If 

tht   ide-.l str;tc   >f the c~p  lymcr A is  thti      f a hyprthotioal sluti-n of 

the   srmc c. "tp.^siti.-.n frr"i which ?• lyicr association  is uliminotc.1,   then  its 

activity  coefficient  ia  presjnc     f  ?uch  ass  citir  is 

A 
m • f(a»)c 

'0, 
d«A       D 

(1) 

(2) 

'      ( 

••m.rv  '^  -in"*.  x'-u 'iro  th- molecular •' v.i.:ht?   :f the  tr/-   p  lyncr species,^     i« 

the  .voifht  fr.cti  n     f ep -lyncr A   in tho p  ly^cr fixture  and c  ir.  the  t-tal 

p  ly^er  c ncentr*--ti -n.    The-  function f(cxA)   is  unknown,   sir.ee the  osmotic 

pressures   in the  c .no.rtr.ti »n  r-nrc   ir. which the  p   ly-ur f.^grop-vtes 

diSBt-ci'.to ar. !  -'ppr.rci.   ir.jal   s   luti  1.  b-h   vi  r,   are  t   .   snv.ll   t    be 
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measurable. As u result, >nly relative activity coefficients can be 

calculated. An -malog-ms expression h; i-is for activity coefficients of the 

b«.sic c;p.lymer.  Values  f fh     en:- ft     for but^n^no srlutions at 50.1*C. 
'    A B 

are plotted in Figure 10. In these s-luti-ns the* interprutati^n ?f the ro- 

sults is simplified by the virtual rbscr.ee of any associatian of the acidic 

cjp'ilyner.     The activities  of the  fvo  p lymers  arc  given by 

aA " °Vk m  ti*-*)^* *A 

a„ -  c? rR - f (°cw)c   'E 
(3) 

the s.   th*t  in the c.^p^siti^n  range   in which  A     :r ft     is  s-,".ller  than -1, 
A B 

activity ef the  orrresp nding p~lyner species doorcasos with incrsnsing 

c nccntratl' n.    We be-lieve  that ar. effect   ^f this  kind hr.a not previously 

been observed. 

Since  this   atu-V was  expl-^rat  ry  ir. nature,   unfracti.n'ted p   ly-wr 

(Z) 
sa-ples were used.     It has been r;p rtcd that the depree  ~f r.sst-ciati-.n  ^f 

p  lynors which tend  tr, aggreg'-to   increases with the molecular woight cf the 

polymer fracti ^n and this   ^bservuti.n sh-uld be checkod vrith p~>lyners  having 

kn.^wn c-nccntr-ti iis   >f interacting grrups. 

The authors arc gr.toful  t-  "r.   L.  S.   vhang und  »*.   M.  Silborborg for 

the prcjr ration and   .n" lysis   jf  the  c-p  ly^ora  uaod  in  this v/trk. 

V 
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APFHIDIXt    Activity Coefficients  of Acidic and  Bfsic PUyry rs   ir. Solutions 

"f their "ixturcs. 

f ; 

"i 

• 

Consider r.  ternary system containing '»  silvunt  (denote- by subscript  :>) 

-\n^.  two  interacting.  p->lyrcrs,  A \ii 3.     Thr.ugh   isnotic pressure measurements, 

the partial m-'lar free energy ~.f thv, solvent £F0 is kn;wn as a  runctior.  of the 

CTp siti vr.    i  the  system.     Prim these- £F0 values we want t*> dorivo values  <">f 

partial molar fret, cnjrgies   «f the polymer components.    Denoting by n the 

nurbcr  of m:les   ?f the c~mv oncnts,   M their rvlecular weij&ts  and   •'      .heir 

densities,  wo have fjr a  c. nstar.t tvtal volume   of the  solution V 

/ d^v 

I 
^>£F0      dn„      3£F, *&c      *Pc      ^c 

dnA/nBV <? n„ *A ^n» c*n *^A Sn« 
(4) 

For dilute solutions tlv concentration    f p->ly-or A  is approximate'ly 

c.   - n.w. P /n »'   and 

d/F " 1 V. p 

acA/cBV 
/     ,^-C,'A/0°        ^       a^°   ^^^       3^C       °       ^A 

M n ft/     no-A *nA        noMx>&        3 c n0      9 c 

(5) 
••/here  c  is the tot^l  c ncor.tr-ti.n  if the mixe:l polymers. 

Since 23F\,   is  relate-.',  to    ;s»t«otic  pressure by    £F0 • IT yo 1C^"VirJt°Q  > 

• n'!  G^/P,\   is  s-*-.!!  c •nparci  to unity, 

3 c *k |c VWc^/cgV   " ~Pk 
37T 

All  experiments i   results   ir  this  study c T.foroed t    a   concentration 

uopendjnco  of   -sr>;tic pressure   »f the form 7T= Xc   • Yc* >rhere X and Y were 

9 - 
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fur.cti ^>ns   -f OC^  •  o^/c,   tho woirht  fructi'-r     f polymer A  in  the  mixed 

polymer.    Thus 

3*FA 
\fed' 

'B dY 
* c2  d*~A   * 

2Y " c2 dot*,     c     c2 d*~A     -      f>A     /• 
X       2Yc 

A 

(7) 

If we define the activity coefficient of polyner A by ~9\  • Ki/a*i   • 

•.vherv.  n.   is  tho actual activity and a  .   the activity that would rosult  in the 

aba en co  ->f specific  inter*.ctions botwecn tho polymers,   then 

£FA - £Fk*  - P? lnJT 
A. 

(8) 

( 

In the absence of specific interactions thi- intercopt of the reduced 

RT RT 
->srv,tic presrure pi- t of a rdx~d p. lynor is X "Of. —- » (1-ak ) 

% *B 

RT       RT 
and dX/dot    • — - —    .     Since  tho  second virial   coefficient Y apcorrp t: 

A       \       "& 
be unaffected by the  aci'.-base  interaction     f the plynorsj 

«o 

r-   -^     _.? lnyA /^fi/Cx RT      RT ^   f.     °B RT       CA RTVl 1 \) 

and since •—-    <<    - 
*       A. 

Sln^A        *    r 
w: -jj1-0^) 

dX 
dOL. 

vmi  in terns    f the "degree -if association D" defined by 

we obtain 

( gA)c* 
(TTA)c 

V   / i - <*   \2 x 
A / A J     dD 1       >        o»   ^     o' 

'4, \     D    /       d<<.       D     / c   ' A    c 

O) 

(10) 

(11) 

(12) 

(13) 
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Re(" u.ed osmotic pressure plots of butanone solutions cf acidic 
polymer (A) and mixtures of acidic and basic polymers A • B). 
(Temp. 30.2»C.). 
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Reduced osmotic pressure plots of butanone solutions of basic 
polymer (B) and mixtures of acidic and basic polymers (A • B), 
(Temp.  30.2»C.). 
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FIG. 3 
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Reduced osmotic pressure plots of butanone solutions of 
acidic polymer (A) and mixtures of acidic and basic 
polymers (A • B). 
(Temp. 50.1#C#). 
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FIG. 4 
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Reduced osmotic pressure plots of butanor.e solutions of 
basic polymer (B) and mixtures of acidic and basic 
polymers (A • B). 
(Temp. 50.1*0. 
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Reduced osmotic pressure plots of benseoe solutions of 
basic polymer (B) and mixtures of acidic and basic 
?olymers (A • B). 
Tesip. 49.7#C.). 
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